MATERIAL AND METHODS
A total of 321 specimens of M. boddaerti were examined, 221 of which were collected in the Brazilian Amazon, in the states of Amazonas, Rondônia, Roraima, Pará, Amapá, Amazonas, Mato Grosso, and Maranhão, while the other 100 specimens were obtained from the Cerrado domain, including localities in the Brazilian states of Mato Grosso, Mato Grosso do Sul, Tocantins, Maranhão, Goiás, and Distrito Federal. The specimens were obtained from the following institutions: Museu Paraense Emílio Goeldi (MPEG), Instituto Nacional de Pesquisas da Amazônia (INPA), Instituto Butantan (IBSP), Museu de Zoologia da Universidade de São Paulo (MZUSP), Universidade Federal do Mato Grosso (UFMT), Universidade de Brasília (CHUNB), and Museu de Ciências e Tecnologia da Pontifícia Universidade Católica do Rio Grande do Sul (MCP-PUCRS) (Appendix 1).
The Amazon basin encompasses a variety of vegetation types, although the vast majority of the region is covered by terra firme rainforest, which is composed by relatively tall trees with overlapping crowns that shade the ground permanently (LEITÃO-FILHO 1987) . The region's climate is hot and humid, with mean temperatures between 24°C and 26°C (FISCH et al. 1998) , corresponding to Köppen's humid tropical A category, with mean annual temperatures above 18°C and oscillations of less than 5°C (MÜLLER 2006) . The mean annual precipitation is approximately 2,300 mm, with a rainy season typically occurring between October and March, and a dry season between April and September (FISCH et al. 1998) .
The Brazilian Cerrado savannas encompass a mosaic of grassland and woodland vegetation, with gallery forest along rivers (SILVA & BATES 2002) . The predominant climate is seasonal tropical with dry winters, and annual temperatures of 22-23°C, but with minimum temperatures close to or even below zero during May, June, and July, and maximum of 40°C. The mean annual precipitation is between 1,200 mm and 1,800 mm, most of which is concentrated between October and March (COUTINHO 2002) .
The following data were recorded for each specimen of M. boddaerti (linear measurements in mm) studied: date of collection, locality, sex, sexual maturity, snout-vent length (SVL), tail length (TL), head length (HL) and head width (HW), and the number of ventral (VS) and sub-caudal scales (SS). The specimens were weighed (in grams) after draining excess liquid and remove gut contents, if present, through an abdominal incision. Sexual maturity was evaluated based on the examination of the deferent ducts and oviducts. The diameter of the final portion of the deferent duct was measured, as were the length, width, and height of the eggs and testicles. The number of eggs and follicles was also counted, and the length of the largest follicle measured. Females were considered sexually mature when containing eggs or flaccid oviducts (SHINE 1977a , SIQUEIRA et al. 2012 , whereas males were considered mature when they presented opaque and convoluted deferent ducts, which indicates the presence of sperm (SHINE 1977b) . Individuals with an umbilical scar were considered to be newborns (SANTOS-COSTA et al. 2006) .
The sexual size dimorphism index (SSD) for each population was calculated according to SHINE (1994) : mean body size of the largest sex divided by mean body size of the smallest sex, minus one. By convention, positive values represent that females are the larger sex and negative values represent that males are the larger sex (SHINE 1994) . This analysis included only mature specimens. Similar variation in patterns of robustness, based on male and female weights, was tested using an analysis of covariance (ANCOVA) for each population separately. The SVL was used as covariate to remove the effects of the body size.
The significance of the differences between the sexes in SVL, and the number of ventral and subcaudal scales were evaluated using the Student's t test. Sexual dimorphism in TL, HL, and HW was assessed using a one-way ANCOVA with SVL as covariate. To evaluate geographical differences in sexual dimorphism, we employed a factorial ANOVA analysis, in which SVL was considered as the dependent variable, and sex and region as the factors (PIZZATTO & MARQUES 2006) . Specimens with an injured belly and/or tail were not included in the meristic analyses of sexual dimorphism (VS and SS). Specimens that showed deformation in head shape were also excluded from analyzes of sexual dimorphism in length and width of the head. To analyze sexual dimorphism in M. boddaerti, we used specimens from both the Cerrado and the Amazon, as a whole. However, to analyze the degree of sexual dimorphism and robustness, the specimens were separated by populations.
A simple linear regression was used to evaluate the relationship between SVL and the number of follicles and eggs carried by the females.
RESULTS
On average, mature M. boddaerti females (N = 102) were significantly larger (SVL) than mature males (N = 99) (t = 7.734, p < 0,001) ( Table I ). The degree of size dimorphism was significantly greater (two-way ANOVA: F = 4.586, p < 0.05) in the sample from the Cerrado savanna (females = 27, males = 41), where SSD = 0.184, in comparison with that from the Amazon rainforest (females = 75, males = 58), where SSD = 0.102 (Fig.  1) . No difference was found in the robustness of the two sexes, either in the Sample from the Amazon (ANCOVA: F 1,126 = 0.00009, p = 0.756, males = 58, females = 70) or in that from the Cerrado (ANCOVA: F 1,58 = 0.660, p = 0.420, males = 40, females = 21), indicating a lack of dimorphism.
Mature females (N = 100) also have a significantly larger number of ventral scales, on average, than mature males, N = 99 (t = 23.156, p < 0.001), whereas males (N = 60) have significantly more sub-caudal scales than females (N = 62), on average (t = -3.716, p < 0.001). No significant difference was found between the sexes (females = 67, males = 75) in tail length (ANCOVA: F 1,139 = 0.097, p = 0.756), and there was no dimorphism in head width between males (N = 89) and females, N = 89 (ANCOVA: F 1,175 = 0.037, p = 0.848). However, the heads of the males (N = 90) were significantly longer than those of the females, N = 93 (ANCOVA: F 1,180 = 9.323, p < 0.01) ( Table I) .
Considering the sample from the Amazon, the smallest mature female had a SVL of 671 mm, while the smallest mature male was 521 mm in length. In the sample from the cerrado, the smallest mature female was 723 mm, and the smallest male was 536 mm. Therefore, in both populations, males are smaller than their female counterparts when they reach sexual maturity.
Amazonian females of M. boddaerti contained one to nine secondary follicles, with a mean of 5.2 (N = 41). Among this sample we encountered four gravid females carrying one to six eggs, with a mean of 3.0. Two pregnant snakes also had secondary follicles in the ovaries. In the sample from the cerrado, the number of secondary follicles (N = 4) varied from four to 11 (mean = 6.4), and two females had four and six eggs, respectively. No relationship was found between the number of secondary follicles or eggs and the size (SVL) of the females collected in the Amazon region (r² = 0.007, p = 0.588, N = 40).
It was not possible to analyze the Cerrado group due to the small number of pregnant females in this sample.
In the sample from the Amazon, gravid females were observed in March (N = 2), April (N = 1), and May (N = 1), while vitellogenic follicles and newborns with an umbilical scar were observed throughout the year, which indicates a lack of breeding seasonality in this population. Two specimens had both vitellogenic follicles (11.90 mm and 17.49 mm) and eggs in the oviduct. In the sample from the cerrado, the only two pregnant females were recorded in January, and the three females with vitellogenic follicles were observed in January, February, and June. Newborns were recorded in January (N = 1), April (N = 4), June (N = 1), and December (N = 2).
DISCUSSION
The pattern of sexual dimorphism observed in M. boddaerti, in which females are generally larger than males, is typical for many snakes (OROFINO et al. 2010 , PIZZATTO & MARQUES 2002 , PIZZATTO et al. 2008 , SCARTOZZONI et al. 2009 , ZANELLA & CECHIN 2010 . Sexual dimorphism in which males are larger than females is normally restricted to species in which males compete directly for access to breeding females (SHINE 1993), as within Chironius Fitzinger, 1826, in which the males of most species attain larger sizes than females and are likely to display male-male combat (ALMEIDA- SANTOS & MARQUES 2002 , MARQUES et al. 2009 . A larger body size may have different consequences for males and females. For instance, larger females have more internal space for the development of eggs or embryos, as well as for the storage of the energy reserves necessary for the reproductive process (BONNET et al. 1998) . For the males, on the other hand, a smaller body may provide greater agility during the search for breeding females, as well as reduce the costs of locomotion and general metabolism (RIVAS & BURGHARDT 2001). (2007) found no sexual size dimorphism in M. bifossatus. In snakes, deviations of this type in the degree of sexual size dimorphism may occur as a result of distinct growth rates in different populations, related to the consumption of prey with varying nutritional value, associated with selective pressures which favor differences in body size between the sexes (MADSEN & SHINE 1993 , KRAUSE et al. 2003 .
The lack of sexual dimorphism in tail length contrasts with the pattern observed in most other snakes, in which males usually have longer tails than females (KING 1989 , SHINE et al. 1999 . A larger tail provides the male with additional internal space for the storage of the hemipenis and retractor muscles (KING 1989 ). An absence of sexual dimorphism in tail size may be related to ecological factors, such as foraging strategies and defense mechanisms (ZANELLA & CECHIN 2010) . The fact that 23% of the specimens (of both sexes) from both the Amazon (N = 51) and the Cerrado (N = 23) had broken tails suggests that M. boddaerti may use its tail for defense. This behavior has been suggested for M. bifossatus (FERREIRA & OUTEIRAL 1998 , LEITE et al. 2009 , DOURADO et al. 2013 , and has been observed in species of other genera, such as Coniophanes fissidens (Günther, 1858) (ZUG et al. 1979) , Dendrophidion dendrophis (Schlegel, 1837) (PRUDENTE et al. 2007) and Echinanthera cyanopleura (Cope, 1885) (ZANELLA & CECHIN 2010). The difference in the length of the heads of males and females of M. boddaerti may be related to the exploitation of different resources, which may contribute to reduce intraspecific competition (SHINE 1993 , VINCENT et al. 2004 ) between the sexes, since males feed on larger prey (SIQUEIRA et al. 2012) .
In both populations, males are smaller than their female counterparts at sexual maturity. A similar pattern was observed for Mastigodryas melanolomus (Cope, 1868) from Costa Rica (GOLDBERG 2006) . This may reflect the relatively lower costs of reproduction for males, which are able to participate in more reproductive events by maturing early, whereas females that mature at a larger size may be able to produce a larger number of relatively large eggs (SEIGEL & FORD 1987 , BONNET et al. 1998 . MADSEN & SHINE (1994) have suggested that fecundity is directly related to body size in most snake species. In the present study, however, the number of eggs or vitellogenic follicles was not related to the size of the female. The clutch sizes recorded in the present study are consistent with the observation of MAR- TINS & OLIVEIRA (1998) , who recorded a female with six eggs in eastern Amazon, and indicate the production of relatively small clutches in comparison with M. bifossatus, which produces clutches of up to 22 eggs in the subtropical region of southern Brazil (LEITE et al. 2009 ). Clutch size in M. boddaerti is nevertheless similar to that recorded in Costa Rica for M. melanolomus (four to six eggs) by GOLDBERG (2006) . The reduced fecundity of M. boddaerti is probably related to the small size of the adults.
The reproductive cycle of a species may vary according to the climatic conditions faced by different populations (PIZZATTO et al. 2007 ), a pattern observed in widely-distributed snakes, for instance M. bifossatus (MARQUES & MURIEL 2007 , LEITE et al. 2009 and T. melanocephala (SANTOS-COSTA et al. 2006) . The continuous reproductive cycle of M. boddaerti in the Amazon region is similar to that observed for other Neotropical snakes (PIZZATTO & MARQUES 2002 , SANTOS-COSTA et al. 2006 , PRUDENTE et al. 2007 , OROFINO et al. 2010 . In the Amazon region in particular, there is a strong tendency for a non-seasonal breeding pattern (DUELLMAN 1978) , which may be related to the relative climatic stability of the region, and ecological factors such as the sustained abundance and diversity of available prey (SEIGEL & FORD 1987) . In the Cerrado, on the other hand, the absence of reproducing females between July and October suggests that seasonal breeding is a response to the region's relatively low temperatures, which may affect reproduction and activity patterns (PIZZATTO et al. 2007) . Additional factors such as prey availability may result in different encounter rates over the course of a year (MARQUES et al. 2000) , and snakes tend to adjust their reproductive cycle to the period when prey are most abundant and temperatures are more adequate for incubation (SHINE 2003) , which is normally during the rainy season. However, the analysis of a much larger sample would be necessary to confirm this hypothesis.
In conclusion, this study provides a better understanding of the geographic variation in the reproductive biology of a widespread species in two distinct biomes. Our results demonstrate that the only difference found among the two populations is in the seasonality of the reproductive period.This is likely to be a response to temperature variations and prey availability. We also found a sexual dimorphism in size, expressed in the SVL. This dimorphism may be associated with the consumption of prey with varying nutritional values, which in turn is associated with selective pressures that favor differences in body size between the sexes. Other sexual attributes remained invariable throughout the geography, being apparently not affected by seasonality or geographic isolation. Certainly, the knowledge of these data together with studies from different biomes will contribute towards a better interpretation on the reproductive biology of this species.
